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Abstract
Objective—To identify relationships between work organizational variables (job rotation, 
overtime work, having a second job and work pacing)a and health outcome measures [carpal 
tunnel syndrome (CTS), lateral and medial epicondylitis (LEPI/MEPI)].
Methods—Using a pooled baseline cohort of 1834 subjects, the relationships were studied using 
logistic regression models.
Results—Varied degrees of associations between the work organizational and outcomes variables 
were found. Job rotation was significantly associated with being a CTS case (OR = 1.23, 95% CI: 
1.00–1.50). Overtime work was significantly associated with lower LEPI prevalence (OR = 0.48, 
95% CI: 0.28–0.84). No statistically significant associations were found between having a second 
job and different work pacing and any of the three health outcome measures.
Conclusions—Work organizational variables were only partially associated with the studied 
health outcomes.
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aThese work organizational variables and their relationships with biomechanical and psychosocial exposures were studied previously 
and published in a separate paper20.
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Introduction
Many workforces have high occupational morbidity, lost workdays and incur significant 
costs from work-related musculoskeletal disorders (WMSDs)1–4. Anderson et al.5 recently 
reported that WMSDs of the back, upper extremity and knee accounted for approximately 
43% of all worker’s compensation claims between 2002 and 2010 in Washington State. 
Among all work-related compensable claims, the compensable claims rates for WMSDs of 
the back, upper extremity and knee were the highest. In Washington State, non-traumatic 
onset carpal tunnel syndrome (CTS), and non-traumatic onset epicondylitis had annual 
compensable workers’ compensation claims incidence rates of 6.4 and 1.6 per 10,000 full 
time employees respectively during the period between 2002 and 2010, resulting in an 
average of 321 and 378 lost workdays per claim and an average annual direct cost of 
$49,481 and $55,121 per claim respectively5.
CTS and EPI are the two most common distal upper extremity WMSDs. EPI may occur in 
either the lateral or medial epicondyle. CTS is common in workplaces and often results in 
high treatment costs, lost work time and associated disability6. LEPI is one of the major 
upper extremity musculoskeletal disorders in active workers78. MEPI is less common than 
LEPI, with prevalence ranges from 0.2 to 3.8% in working populations9–11.
The etiologies of CTS, LEPI, and MEPI are multi-factorial812–18. Besides some personal 
factors such as age, gender and the body mass index (BMI), excessive biomechanical 
exposures due to forceful exertions, repetitive movements, duration of exertions, awkward 
hand/wrist postures and hand-arm vibrations are often considered workplace risk factors to 
CTS and EPI19.
Bao et al examined the relationships between the work organizational factors and the 
biomechanical and psychosocial exposures based on a simplified causation model (Figure 
1). They found that (i) job rotation had significant effects on biomechanical and most 
psychosocial measures, (ii) job rotation was generally associated with higher job 
biomechanical stressors, and lower job satisfaction, (iii) overtime work was associated with 
higher job biomechanical stressors, (iv) those having second jobs reported getting along well 
with co-workers, and (v) work pacing had significant influences on biomechanical 
stressors20.
The present paper examines the relationships between four work organizational factors (job 
rotation, overtime work, having a second job, and work pacing)a and prevalence of three 
health outcomes (CTS, LEPI and MEPI).
Materials and methods
This study’s data are drawn from three study cohorts collected by the University of 
Wisconsin-Milwaukee (UWM), University of Utah (UU) and Department of Labor and 
Industries of the State of Washington (LNI). These studies were approved by their respective 
aThese work organizational variables and their relationships with biomechanical and psychosocial exposures were studied previously 
and published in a separate paper20.
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Institutional Review Boards (IRB). The data pooling process was coordinated by UWM and 
approved by its IRB.
One thousand eight hundred and thirty-four (1834) subjects were included in the final 
pooled dataset (Table 1). The pooled data were from 35 diverse facilities representing 25 
different industries located in Illinois, Utah, Washington and Wisconsin. These facilities 
include manufacturing, food processing, healthcare and office employment sectors. All 
participants provided informed consent.
Work organizational data were collected through questionnaires, interviews and on-site 
observations2122. CTS, LEPI and MEPI cases were determined through structured 
interviews, physical examinations and nerve conduction tests2324.
Work organizational variablesa
Four work organizational variablesa were included in the analyses: (1) job rotation, (2) 
working overtime, (3) having second job(s) and (4) work pacing.
The dichotomous “job rotation” variable was obtained through interviews and observations 
during worksite visits. A worker was considered as having a job rotation when he or she was 
assigned to more than one task in a typical workday. Job rotation was also verified by 
ergonomics analysts through observations during worksite visits.
“Working overtime” is also a dichotomized variable. When a worker works more than 40 
hours per week, he or she is considered “working overtime”. This variable was collected 
from workers through questionnaires or interviews.
The third dichotomous work organizational variable, “having a second job” was defined as 
having an additional job with a different employer. Information for this variable was 
reported by the workers through interviews or questionnaires.
The trichotomous “work pacing” variable was obtained through ergonomists’ on-site 
observations. This variable had three different categories: (i) machine-paced (including line-
paced, and paced by another worker), (ii) self-paced, and (iii) piece rate (including work by 
quota). The work pacing variable was a task-specific variable and was determined by the 
workstation at which a worker performed a specific task. For workers with job rotation, the 
pace from the task the worker performed for the greatest proportion of the shift was used to 
describe job pace.
Case definitions
Only dominant hand data were used in these analyses for all three health outcomes. For 
CTS, the case definition was: (1) symptoms consistent with CTS, i.e. pain, numbness, 
tingling and/or burning with no acute or traumatic onset in one or more of the first three 
digits of the hand for greater than one week or three or more times in the prior year and (2) 
abnormal median nerve conduction. For details see Silverstein et al25.
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The LEPI case definition was: (i) lateral epicondylar pain, (ii) tenderness on palpation and 
(iii) at least one positive physical maneuver, either resisted wrist extension or resisted middle 
finger extension, evoking lateral epicondylar pain..
MEPI case definition was: (i) medial epicondylar pain, and (ii) medial epicondylar pain with 
resisted wrist flexion. For all three health outcomes, participants were excluded if they 
reported symptoms that were a result of an acute injury.
Physical examination maneuvers and measurements were consistent among the three 
research sites. However, LEPI and MEPI symptoms were defined slightly differently. UWM 
and UU defined the LEPI symptom as pain in the lateral elbow22, while LNI included pain, 
aching, stiffness, burning, numbness or tingling in the elbow or forearm for either 4 or more 
episodes in the past year, one episode of at least 7 days duration in the past year, or an 
episode of at least 1 day duration in the past 7 days23. Similar differences existed for the 
MEPI symptoms between UWM, UU and LNI.
Statistical analysis
Frequency analysis was performed to obtain the numbers and proportions of subjects by the 
four different work organizational variables, and CTS, LEPI and MEPI prevalent cases.
The relationships between the health outcomes variables and work organizational variables 
were assessed using logistic regression models fitted by the generalized estimating equations 
(GEE) method to account for non-independence of data collected by the same research team. 
Odds ratios and their 95% confidence intervals (95% CI) were estimated for each work 
organizational variables separately, while always adjusting for age, gender and BMI2. All 
analyses were performed using the SAS statistical software (version 9.4, SAS Institute, Inc., 
Cary, NC, USA). Statistical significance was at p<0.05.
Results
Table 2 provides the distributions of job categories in terms of the work organizational 
variables. Thirty-nine percent (39%) of the participants had job rotations. There was a 
minority of participants who worked overtime (20%) or had a second job (8%). Similar 
numbers of participants either worked on machine-paced workstations (47%), or self-paced 
workstations (48%). Few (5%) worked piece-rate work.
There were 249 dominant hand CTS prevalent cases (13.8%), 65 dominant hand LEPI 
prevalent cases (3.6%) and 14 dominant hand MEPI prevalent cases (0.8%) among the 
participants. While the prevalence of epicondylitis was low compared to CTS, epicondylitis 
was more than 4-fold more common in the lateral than medial elbow.
Table 3 provides the odds ratios for CTS, LEPI and MEPI for the four work organizational 
variables adjusted for age, gender and BMI. Job rotation was significantly associated with 
increased risk of CTS (OR=1.23, 95% CI 1.00–1.50). Job rotation was also borderline 
associated with lateral epicondylitis (OR=1.69, 95% CI 0.96–2.97). However, overtime work 
was associated with lower risk of lateral epicondylitis (OR=0.48, 95% CI 0.28–0.84). 
Having a second job and different work pacing had no statistically significant associations 
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with any of the health outcome variables (Table 3), although having a second job was 
borderline protective for risk of CTS (OR=0.90, 95% CI 0.80–1.01). Due to the low numbers 
of cases for MEPI (8 of machine-paced, 0 of piece rate and 6 of self-paced), no odds ratios 
could be calculated for the association of work pace and MEPI. No associations were found 
between work pace and CTS or LEPI (Table 3).
Discussion
This study found job rotation is associated with increased risk of CTS and is borderline 
associated with LEPI. However, it also found that overtime was associated with a lower risk 
of LEPI. Work organizational factors have been less studied among upper extremity 
WMSDs than biomechanical factors, where certain biomechanical factors, particularly 
forceful exertions and repetition contribute to the development of CTS and LEPI131926–29. 
By contrast, MEPI has been seldom studied in a prospective cohort with measured job 
physical factors. Certain psychosocial factors (such as job satisfaction, job monotonous 
nature, lack of social support, low perceived decision authority on the job) have also been 
reported to have some evidence of associations with CTS and LEPI262830–33.
The relationships between biomechanical factors and CTS and LEPI have been confirmed in 
recent publications using this pooled dataset3435. Silverstein et al. reported that 
biomechanical exposure measures such as forceful exertions and repetitions as well as 
quantified biomechanical risk levels calculated using the ACGIH TLV for HAL method36 
and the Strain Index (SI) method37 had modest exposure-response relationships with the 
prevalence of CTS34. Both the TLV for HAL and the SI had similar effect sizes for workers 
with “high risk” exposures with an odds ratio of 1.43 and 1.58 respectively.
In the analysis of relationships between the psychosocial factor variables and LEPI and 
MEPI prevalent cases, Thiese et al. found that 9 of the 10 psychosocial factors assessed had 
significant associations or significant increasing trends with lateral epicondylitis35. The 
largest of these was between self-reported physical exhaustion after work and LEPI with an 
odds ratio of 7.04 (95%CI: 2.02 – 24.51). Job satisfaction as measured by several questions 
(e.g. how satisfied are you with your job, how likely would you recommend your job to 
someone else, how likely would you take this job again, and my employer cares about my 
health and safety on the job?)b had significant association with LEPI. Eight of the 10 
psychosocial factors had significant relationships or significant increasing trends with MEPI 
with the largest being between mental exhaustion after work with an odds ratio of 6.51 (95% 
CI: 1.57 – 27.04).
Ergonomics interventions to address risks of WMSDs often include modifying one or more 
aspects of the work organization. The present study attempts to identify the direct linkage 
between the four work organizational variables and the health outcomes. We found those 
workers with job rotations had significantly higher odds ratio (OR=1.23) of developing CTS 
compared to those who did not have job rotations and those who had overtime work had 
significantly lower odds ratio (OR=0.48) of developing CTS compared to those who did not 
bThese psychosocial factors and their relationships with LEPI and MEPI were studied and published in a separate paper35.
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work overtime. These findings contradict general beliefs that job rotation is often used as an 
ergonomics intervention38–40 and overtime work is usually believed to be hazardous41.
Closer examination of our pooled data showed that those with job rotations generally had 
higher job biomechanical risk levels as evaluated by the Strain Index37 and the ACGIH TLV 
for HAL36, and higher exposure levels in terms of measurements of forceful exertions, 
repetition and duration of exertions20a. Those with job rotations also often reported lower 
job satisfaction – they were more likely not to recommend their jobs to others, more likely to 
report dissatisfaction with their jobs, more unlikely to take the same jobs again, more likely 
to disagree that their employer cared about their health and safety and more likely to report 
hardly ever getting along with their supervisors20a. These worsened biomechanical and 
psychosocial exposures among those workers with job rotation in our pooled data may 
explain the increased risk of developing CTS.
Yet, our results on job rotation may not be unique. In studying a cohort of 3710 French 
workers, Rigouin et al.42 also found that male workers who had job rotations had increased 
prevalence of CTS (OR = 2.45, 95% CI: 1.41–4.24) compared to those without job rotations. 
Both studies suggest that job rotations, as practiced in some of today’s industries, may not 
effectively minimize the risk of CTS.
While some studies found that long work hours have associations with WMSDs43, others 
found no clear relationship44. In our pooled cohort, those workers who work overtime 
usually had lower peak forces compared to those without overtime work, even though they 
had higher job biomechanical risks evaluated by the Strain Index method37 which were 
primarily due to the higher repetitions of exertions and longer task durations20a. Those with 
overtime work were often more satisfied than those without overtime work20. The somewhat 
negative biomechanical exposures but positive psychosocial factors might be the reasons that 
we saw the decreased risks of developing LEPI in the present study (Table 3).
Working multiple jobs is associated with an increased risk of injuries as found in a recent 
study of the US National Health Interview Survey (NHIS)45, we were not able to find any 
statistical significant association between having a second job and any of the health outcome 
measures (Table 3). This seems to be as expected for our pooled cohort as having a second 
job did not have any statistically significant association with the biomechanical measures 
and most psychosocial measures as we previously reported20a.
Reviews on work pacing showed inconsistent results4647. We were unable to identify any 
significant relationships between work pacing and the health outcome variables (Table 
3).The relationships between the work pacing variable and biomechanical/psychosocial 
variables were complicated and inconsistent as we found previously20a. Therefore, their 
relationships with the health outcome variables might be difficult to predict from crude 
characterizations of pace alone. The numbers of cases were low (e.g. the MEPI cases). These 
limitations prevent valid statistical inferences and might partially explain the negative 
results.
Another reason that might explain not only this negative finding between the work pacing 
and the health outcomes, but also the negative findings in general between the four work 
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organizational variables and most health outcome variables is the mediation effect of the 
biomechanical and psychosocial variables. The biomechanical and psychosocial mediation 
variables are determined not only by the work organizational variables but also the other 
workplace factors such as technology used (Figure 1). The work organizational variables 
likely had modest impacts on the biomechanical and psychosocial variables. Therefore, 
although we were able to demonstrate associations between the biomechanical/psychosocial 
variables and the health outcome variables, the reduced impact of work organizational 
variables might not be able to demonstrate significant relationships with the health outcome 
variables. This reinforces the notion that effective ergonomics interventions should be multi-
faceted.
One of this study’s weaknesses is that there are some differences in terms of the case 
definitions among the participating research teams in spite of efforts to make them 
consistent. For example, the LEPI and MEPI symptoms were defined slightly different 
between UWM, UU and LNI as mentioned previously2223. Using the “research team” as one 
of the variables in the logistic regression models should have accounted for the non-
independence of data collected by the same research teams. However, broader, less specific 
case definitions at one site would be anticipated to have biased towards the null.
Somewhat different definitions/questions have been used for psychosocial and work 
organizational variables in the literature. This makes comparisons between research results 
more challenging. Nevertheless, contributions to the knowledge of work organizational 
impacts on biomechanical exposures, psychosocial factors and the WMSD health conditions 
from various research teams including ours will eventually help inform the development of 
more effective and efficient ergonomic interventions by modifying the various work 
organizational parameters.
The present analyses were based on prevalence data. Therefore, we could only identify 
whether there are associative relationships between the studied work organizational variables 
and the health outcome variables. Incidence analyses are needed to confirm effects and 
contribute to a determination of causality.
Conclusions
While the four work organizational variables studied influence both the biomechanical and 
psychosocial variables among the workers in this pooled cohort, we found varying 
associations between them and the health outcomes (CTS, LEPI and MEPI prevalent cases). 
Job rotation was associated with being a CTS case, but overtime work was associated with 
reduced LEPI prevalence. Having a second job and different machine pacing were not found 
to be related to any of these three WMSDs in this baseline cohort.
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Figure 1. 
A simplified causation model between work organization, biomechanical exposure, 
psychosocial factors, and health outcomes in terms of work-related musculoskeletal 
disorders (WMSD) – Work organization and technology determine biomechanical stressors 
on the workers (W-B) and influence their psychosocial factors (W-P). These biomechanical 
and psychosocial exposures may result in or be associated with different musculoskeletal 
health consequences (B-H and P-H). These exposures and musculoskeletal health status of 
the workers may also influence the changes in work organization and technology. The status 
of WMSDs in a workplace may reflect the conditions of their work organization or the 
changes of their work organization (W-H).
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Table 1
Subjects from the three study cohorts
Female Male All
Number 1096 738 1834
Age 43.3 (10.4) 38.0 (11.9) 41.1 (11.3)
Height (meter) 1.62 (0.08) 1.76 (0.08) 1.68 (0.10)
Weight (kg) 76.7 (19.2) 87.1 (21.4) 80.9 (20.8)
BMI (kg/m2)* 29.1 (6.8) 28.0 (6.0) 28.7 (6.5)
Tenure (yrs)** 9.5 (8.4) 7.0 (8.6) 8.5 (8.5)
*
BMI – Body Mass Index
**Not all subjects had information on tenure. Data were from 1033 females and 707 males.
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Table 2
Distributions of the work organizational variables
Work organizational Variable Number (% of total)
Without job rotation 1124 (61.3%)
With job rotation 710 (38.7%)
Do not work overtime 1460 (79.6%)
Work overtime 374 (20.4%)
Do not have a 2nd job 1597 (92.1%)
Have a 2nd job 137 (7.9%)
Machine-paced 851 (46.7%)
Piece rate 97 (5.3%)
Self-paced 876 (48.0%)
Note: Total numbers of subjects were different for the different work organizational variables due to missing responses.
J Occup Environ Med. Author manuscript; available in PMC 2017 August 01.
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
Bao et al. Page 14
Table 3
Adjusted odds ratios (OR) and 95% confidence intervals (95% CI) for the prevalent cases of carpal tunnel 
syndrome (CTS), lateral epicondylitis (LEPI) and medial epicondylitis (MEPI) for the four work 
organizational variables. bold numbers – statistically significant at p<0.05
Independent variables CTS LEPI MEPI
Job rotation 1.23 (1.00–1.50) 1.69 (0.96–2.97) 0.91 (0.22–3.74)
Overtime work 0.98 (0.77–1.25) 0.48 (0.28–0.84) 0.59 (0.21–1.63)
Having a second job 0.90 (0.80–1.01) 1.08 (0.44–2.64) 0.86 (0.24–3.12)
Work pace: machine- vs self-paced 1.26 (0.71–2.24) 0.97 (0.65–1.46) -
Work pace: piece rate vs self-paced 1.35 (0.79–2.31) 0.80 (0.23–2.76) -
Work pace: machine- vs piece rate 0.93 (0.62–1.39) 1.21 (0.40–3.72) -
Note: Adjusted for age, gender and body mass index (BMI)
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